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A metho~ of servicing refrigerator an~ free2er seale~ systems with the capturing of R-12 in a consumer's home is described. The metho~ can be use~ by a one service technician operation to large franchise~ centers. The factors that came together on the CFC-12 capture bag in design, in testing an~ in evaluation are also describe~. The program resulted in a R-12 capture method that is available to the service industry. 
IR'rRODUC'l'l:OH 
Deterioration of the o~one layer and the effects of the deterioration on the quality of life on the earth surface has caused social and environmental movements globally to push for the reduction and elimination of the substances contributing to the problem. Of man-pro~uce~ substances, CFCs (chlorofluorocarbons) are the major contributors. In particular, dichlorodifluoromethane (R-12) is i~entified. The majority of domestic refrigerator an~ freezer manufacturers worl~wide use R-12 as a refrigerant. In the free worl~, about 1.1% of the R-12 produced is used in refrigerator and freezer manufacture. In the u.s., B million refrigerators and freezers are produced annually and added into a market that has, about, 130 million units in operation. 
To service this population are an estimate~ 40,000 service technicians. These service technicians work for factory service centers, for major brand distributors, and for small dealers plus a large number who are independent one-service technician, one-truck operations. The service procedure, ·as a matter of a long time service practice, eXhausts all unneeded R-12 to the atmosphere. Most of these refrigerator and freezer repairs are done in the .home of the consumer. 
IN-HOME SERVICE OBJECTIVES 
As a result of the Montreal Protocol and of the legislation occurring at local, state, and federal levels, the refrigerator and freezer service industry is undergoing change. To meet these changing service industry needs, a program was initiated at the Whirlpool Corporation. The objectives developed from the program are listed in Table I. 
TABLE I 
Obiectives for Capturina R-12 during Service in the Home 
- Equipment must be easy to carry and operate by the service technician 
- Increase in service t~me must be minimized - Trauma to consumer must be minimized - Small dealer structure must be protected - completion must be timely 
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The logic from which the objectives were developed is discussed 
in the following. 
For service technician acceptability, the equipment must be easy 
to carry and operate. Minimizing service time, minimizes cost to 
both the consumer and the service company. The consumer reacts to 
what -is brought into their home during refrigerator or freezer 
repair. The more equipment and the longer the service time, the 
greater the consumer concern. The concern can reflect on the brand 
when the consumer makes his next purchase. A small dealer and the 
individual service technician structure may respond to expensive 
equipment and difficult, lengthy repair on a sealed system with a "We 
no longer do sealed system servicing." Legislation pending before 
the local, state and federal legislative bodies indicates that 
capturing and recycling or disposal of R-12 will be part of the 
future regulations. Completion of a technique acceptable to the 
service industry as well_as the governmental bodies would avoid 
having to use techniques not designed for use in the consumers 
homes. 
TBE DliTIATrvE FOR BAG CAPl'tiRE 
The first approach to capturing R-12 in home service was done by 
a service technician trainer who used a garbage bag to contain the R-
12 during a service operation. The attempt was the result of knowing 
that capture of R-12 was coming to the refrigerator/freezer service 
industry and knowing that the techniques presently available were not 
easily used in the home. The bag easily contained the R-12. 
Domestic refrigerators and freezers contain 5 to 22 ounces (.17 to 
.77 kg) of R-12 refrigerant. Ideal gas law calculations show 22 
ounces (.77 kg) of R-12 to occupy 4.7 cubic feet (0.133 m3) at 78° F 
(299 K) and 1 atm. This lead to a project to develop a CFC-12 
capture bag for capturing R-12 in home service. 
CAPl'URE BAG DEVELOPMEN'.l' 
The qualities required in an R-12 collection bag were developed 
over the period of time that the bag itself was developed. 
Preliminary testing with a polyethylene terephthalate/foil laminate-
designed for coffee packaging helped set the goals for a final bag· 
design. The foil laminate was chosen for its toughness, seal · · 
strength, permeability characteristics and availability. However, 
this material failed to give a good seal in the presence of 
refrigeration oil, did not allow a visualization of sealed system 
problems, and ruptured explosively. 
To obtain an acceptable sealed system capture bag, a criteria 
list was developed to include strength & rupture characteristics, 
toughness, durability, permeability, transparency, cost, 
printability, and processability. The properties of a film composite 
which met these specifications is described in the following: 
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The properties criteria which lead. to the film composite and the bag are enumerated as follows: 
strength & Rupture Characteristics 
The absolute strength of the bag turned out not to be directly important since the bag is not intended to be a pressure holding structure. service technicians are instructed to not add R-12 to the point where the bag becomes tight. If these instructions are · ignored, at the yield point ot the material, the internal pressure was estimated to be something less than 25 mm Hg (3300 Pa). Past the yield point, the internal pressure of an inflated bag drops due to the thinning of the material and the expansion of the bag diameter. This is due to the tact that the composite had a linear elongation limit of over 1000%. In the biaxial Mullen burst test, the film exceeded the capabilities of the machine. At rupture, the bag was estimated to have an increased volume of 350% over that at yield. 
seal Strength 
The seal strength was designed to not be the limiting factor by using a tairly heavy layer of linear low density polyethylene as a heat seal adhesive. This type of adhesive is known to easily form very strong seals. "T" peel seal tests were performed after aging at one day in the presence of 150 Universal saybolt Seconds refrigeration oil. The "T" peel test failures did not occur in the seal. The high seal strength is necessary since seal failure can cause loud bangs on rupturing. The bang being undesirable in a consumers home. 
Tgughpess 
The toughness of the bag is important to prevent damage from accidental puncturing. The toughness is a subjective criterion, derived after trying various means to simulate field service abuse. The film chosen is very difficult to puncture, having a dart impact of 0.65 ft-lbs (.09 kg-m), which is quite a bit higher than packaging films not designed for toughness. 
Durabilitv 
Only subjective abrasion tests were done on the exterior surface of the bag. No problems were apparent upon inflation of the bag. 
Permeability 
The loss of R-12 due to permeability was considered to be an insignificant problem with the composite selected. Due to the very large surface area and high transmission rate of moisture, the interior gas was assumed te be in equilibrium with the exterior environment. This was not thought to be a serious deficiency of the bag, since moisture is easily removed from the recycled refrigerant. Atmospheric gasses were considered to be the most detrimental to the recycle of R-12 and the reason to control the permeability of the package.(1) (2) The total air permeation rate into a 34 x 47 inch (.B6m x 1.19m) bag is calculated te be about 4ccjday. A 10 oz (.28 kg) R-l? charge has a volume at 70° F (294 K) of about 56600 cc (.0566mJ). The permeation causes a 0.05 mm Hg/day (i Pa/day) partial pressure increase rate based on those assumptions and is therefore controlled to a low enough level for recycling R-12. 
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The film is an important portion of the cost of the bag. The 
composite film structure was kept simple for low cost·. The valve 
component is a simple air mattress type design since internal 
pressures are 7ssentially equal to the outside. Low weight of the 
valve was cons~dered to be important for easy handling by the service 
technician. 
Transparency 
The foil laminate did not allow the service technician to see 
the condition of the compressor oil escaping with the R-12. This was 
solved by, in effect, replacing the foil with a high barrier 
transpa-rent plastic layer. Seeing the compressor oil assisted the 
service technician in the diagnosis of the repair needed. 
Printability 
The outer polypropylene layer is not amenable to printing as is. 
Corona treatment was specified to allow ink adhesion. 
Processability 
The large sized material is hard to handle, so an anti-block 
(slip) agent was added to make the pouch manufacture easier. 
The capacity of the collection bag is important to the service 
technician. Several iterations of this were tried and the capacity 
of R-12 capture bag in a warm truck (140° F) (333 K) was set at 25 
oz. (.71 kg) in a 34 x 47 inch (.86 x 1.19m) pouch. A formula to 
estimate this was done by weighing full pouches and then suggesting 
the following relationship: 
1.7 





pouch width in inches 
pouch length in inches 
BAG DESIGN 
Entry to the bag is by a valve with no flow resistance. 
(Figure 1). The joining of the edges of the bag is done by heat 
sealing. The outside bag size is 36 inches by 48 inches (.91 x 
1.22m). smaller sizes were tried but occasional overfill problems 
were had by the service technicians. Off one edge of the bag just 
outside of the seam, two small holes have been made for hanging the 
bag from hooks in the service vehicle. 
BAG TESTING 
The assembled bag was tested as follows: 
1. 
2. 
The bag is filled with R-12 and weighed every 2 days for 2 
_weeks. The bag weight loss must be less than 0.1 gram. 
The bag is inflated to bursting. The volume e~pansion should be 
300% plus before breakage. At break~ge the no~se from rupture 
must be a light "pop" and not occur ~n the seam. 
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The noise criteria is necessary to reguce concern in the consumers home should a bag get over-filled and to insure safety in transit. A loud bang in a moving service'vehicle could result in an accident with the resulting liability. Any materials which could not pass both of these tests were unacceptable. 
FIELD TESTING OF THE CAPTURE BAG 
The CFC-12 capture bag was tried at three Whirlpool Factory-Service locations to determine acceptability to service personnel. The bag replaced a 50 foot long (15m), 3/S inch (.Olm) diameter rubber hose in the service procedure. In prior service practice, the service technician connected the hose to the sealed system entry valve and ran the hose outside the residence for refrigerant release. The hose often had to be untangled before it could be used. Now, the service technician connects directly from the sealed system entry valve to the CFC capture bag. The result is that the effort to use the bag is no more than the effort to use the hose. There is also the personal feeling by the service technician that the bag allowed him to do his ingividual part in the protection of the o~one layer. 
SERVICE PROCEDURE 
The service procedure for the bag was to exhaust into the bag all the R-12 used guring the repair procedure. This "included purging the charging cylinder, capturing the sealed system refrigerant and the sweep charged used in servicing. The goal in servicing was to prevent as much R-12 from escaping to the atmosphere as possible during service of refrigerator and free~ers in the consumers home. 
One benefit of the transp~rent bag is the ability of the service technician to see the condition of the R-12 and the compressor oil captured. For compressor burn-outs the R-12 and oil captured have a yellow to a burnt brown color. This visual information assists the serviceman in the diagnoses of the sealed system problem. 
SHOP PROCEDURE 
After capturing the R-12, the bag is transported to the service center where the R-12 is moved from the bag to a Department of Transportation approved cylinder and shipped to a recycling or disposal center. The schematic for this procedure is shown in Figure 2. The CFC-12 capture bag is connected to the low side of a compressor which compresses the R-12 into a Department of Transportation approved storage tank through a tub of ice water. The safety criteria includes considering.the tank full when the tank pressure reaches 300 psig (2.1x107Pa) or 30 pounds (13.6 kg) of R-12 is captured in the tank. Details are available from reference 3. Capture bags are available from the Whirlpool LaPorte Division in LaPorte, Indiana, U.S.A. . 
CONCLUSION 
A bag which is convenient and economical can be used by the service technician to capture R-12 in home service of refrigerators and freezers. The bag by being transparent offers diagnostic information to the service technician. After capture in the home, the R-12 is taken to the service center, compressed into a cylinder and sent for recycling. The bag developed in this program is shown in Figure 3. 
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Figure 2: Service Shop Equipment for moving R-12 to a 
DOT approved cyclinder. 
Figure 3: The final design of the CFC-12 Capture Bag 
developed by the project. Patent application has been filed. 
